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(57) ABSTRACT 

A lithium mixed metal oxide comprising Ni, Mn and Fe and 
having a BET specific surface area of 2 m/g or more and 30 
m/g or less. A method of producing a lithium mixed metal 
oxide, comprising bringing an aqueous solution containing 
Ni, Mn, Fe and Clinto contact with an alkali to obtain a 
coprecipitate, and calcining a mixture of the coprecipitate and 
a lithium compound by maintaining the mixture at a tempera 
ture of lower than 900° C. A positive electrode active material 
for nonaqueous electrolyte secondary battery, comprising the 
lithium mixed metal oxide described above or the lithium 
mixed metal oxide obtained by the method of producing a 
lithium mixed metal oxide described above as a main ingre 
dient. A positive electrode for nonaqueous electrolyte sec 
ondary battery having the positive electrode active material 
for nonaqueous electrolyte secondary battery described 
above. A nonaqueous electrolyte secondary battery having 
the positive electrode for nonaqueous electrolyte secondary 
battery described above. 
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LITHIUM MIXED METAL OXDE AND 
NONAQUEOUSELECTROLYTE 

SECONDARY BATTERY 

TECHNICAL FIELD 

0001. The present invention relates to a lithium mixed 
metal oxide and a nonaqueous electrolyte secondary battery. 
More particularly, the present invention relates to a lithium 
mixed metal oxide used for a positive electrode active mate 
rial for nonaqueous electrolyte secondary battery, and to a 
nonaqueous electrolyte secondary battery. 

BACKGROUND ART 

0002. A lithium mixed metal oxide is used as a positive 
electrode active material in a nonaqueous electrolyte second 
ary battery Such as a lithium secondary battery. A lithium 
secondary battery has been previously put into practical use 
as an electric source of cellphones, laptop computers and the 
like, and further, there are trials of application thereof also in 
medium or large size applications such as an automobile 
application and an electric power storage application. 
0003) Regarding conventional lithium mixed metal 
oxides, International publication No. 02/073718 discloses a 
manganese-nickel-iron coprecipitate compound obtained by 
adding a sodium hydroxide aqueous Solution to an aqueous 
Solution containing manganese nitrate, nickel nitrate and iron 
sulfate, and a lithium mixed metal oxide obtained by calcin 
ing a mixture of the compound and a lithium compound at a 
temperature of 1000°C., and describes that the oxide has a 
BET specific surface area of 0.9 m/g. 
0004. However, nonaqueous electrolyte secondary batter 
ies obtained by using the conventional lithium mixed metal 
oxides, as described above, as a positive electrode active 
material are not sufficient in applications requiring high 
power output at high current rate, that is, in an automobile 
application and an application of power tools such as electri 
cal tools. 

DISCLOSURE OF THE INVENTION 

0005. The present invention has an object of providing a 
nonaqueous electrolyte secondary battery capable of mani 
festing high power output at high current rate, and a lithium 
mixed metal oxide useful for the battery, and a method of 
producing a lithium mixed metal oxide. 
0006. As a result of various investigations in view of the 
above-described situations, the present inventors have found 
that the following inventions meet the above-described 
object, leading to the present invention. 
0007 That is, the present invention provides the following 
inventions. 
0008 <1> A lithium mixed metal oxide comprising Ni, 
Mnand Feand having a BET specific surface area of 2 m/g 
or more and 30 m/g or less. 

0009 <2> The lithium mixed metal oxide according to 
<1>, wherein the lithium mixed metal oxide is shown by 
the following formula (A): 

Lic NiMnFe)O, (A) 
wherein, 0<x<1, 0<y<1, and 0<x+y-1. 

0010 <3> The lithium mixed metal oxide according to 
<1>, wherein the lithium mixed metal oxide is shown by 
the following formula (A): 

Li(NiMn,Fe)O2 (A') 
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0011 <4>The lithium mixed metal oxide according to any 
one of <1> to <3>, wherein the ratio of the amount (mol) of 
Mn with respect to the total amount (mol) of Ni, Mn and Fe 
is 0.1 or more and 0.7 or less. 

0012 <5> The lithium mixed metal oxide according to any 
one of <1> to <4>, wherein the ratio of the amount (mol) of 
Fe with respect to the total amount (mol) of Ni, Mn and Fe 
is 0.01 or more and 0.5 or less. 

0013 <6> A method of producing a lithium mixed metal 
oxide, comprising bringing an aqueous solution containing 
Ni, Mn, Fe and Clinto contact with an alkali to obtain a 
coprecipitate, and calcining a mixture of the coprecipitate 
and a lithium compound by maintaining the mixture at a 
temperature of lower than 900° C. 

0014) <7>The method of producing a lithium mixed metal 
oxide according to <6>, comprising the following steps 
(1), (2) and (3) in that order: 
0015 (1) a step of bringing an aqueous Solution con 
taining Ni, Mn, Fe and Clinto contact with an alkali to 
obtain a coprecipitate slurry, 

0016 (2) a step of obtaining a coprecipitate from the 
coprecipitate slurry, 

0017 (3) a step of calcining a mixture obtained by mix 
ing the coprecipitate and a lithium compound by main 
taining the mixture at a temperature of lower than 900 
C., to obtain a lithium mixed metal oxide. 

0018 <8> The method of producing a lithium mixed metal 
oxide according to <7>, wherein the above-described step 
(2) is the following step (2): (2) a step of subjecting the 
coprecipitate slurry to Solid-liquid separation, then, to 
washing and drying, to obtain a coprecipitate. 

0019 <9>The method of producing a lithium mixed metal 
oxide according to any one of <6> to <8>, wherein the 
aqueous solution containing Ni, Mn, Fe and Cl is an aque 
ous solution obtained by dissolving a chloride of Ni, a 
chloride of Mn, and a chloride of Fe into water. 

0020 <10> The method of producing a lithium mixed 
metal oxide according to <9>, wherein the chloride of Feis 
a chloride of divalent Fe. 

0021 <11 > The method of producing a lithium mixed 
metal oxide according to any one of <6> to <10>, wherein 
the atmosphere in the calcination is an air atmosphere. 

0022 <12> The method of producing a lithium mixed 
metal oxide according to any one of <6> to <11 >, wherein 
the retention temperature in the calcination is in the range 
of from 650° C. to 850° C. 

0023 <13> The method of producing a lithium mixed 
metal oxide according to any one of <6> to <12>, wherein 
in the aqueous solution containing Ni, Mn, Fe and Cl, the 
ratio of the amount (mol) of Mn with respect to the total 
amount (mol) of Ni, Mn and Fe is 0.1 or more and 0.7 or 
less. 

0024 <14> The method of producing a lithium mixed 
metal oxide according to any one of <6> to <13>, wherein 
in the aqueous solution containing Ni, Mn, Fe and Cl, the 
ratio of the amount (mol) of Fe with respect to the total 
amount (mol) of Ni, Mn and Fe is 0.01 or more and 0.5 or 
less. 

(0025 <15> A lithium mixed metal oxide obtained by the 
method of producing a lithium mixed metal oxide accord 
ing to any one of <6> to <14>. 

0026 <16> A coprecipitate obtained by bringing an aque 
ous solution containing Ni, Mn, Fe and Clinto contact with 
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an alkali, wherein a diffraction peak (diffraction peak A) is 
present in the range of diffraction angle 20 of 17 or more 
and 20° or less, in a powder X-ray diffraction pattern 
obtained by powder X-ray diffractometry using CuKO. as a 
radiation Source and in which the measurement range of 
diffraction angle 20 is 10° or more and 45° or less. 

0027 <17> The coprecipitate according to <16>, wherein 
the value of peak intensity ratio (I/I) obtained by divid 
ing I by the intensity I of the diffraction peak A is 0 or 
more and 0.5 or less, when the maximum intensity in the 
range of diffraction angle 20 of 10° or more and 13° or less 
is represented by I in said powder X-ray diffraction pat 
tern. 

0028 <18> A lithium mixed metal oxide obtained by cal 
cining a mixture of the coprecipitate according to <16> or 
<17> and a lithium compound by maintaining the mixture 
at a temperature of lower than 900° C. 

0029 <19> The lithium mixed metal oxide according to 
<18>, wherein the atmosphere in the calcination is an air 
atmosphere. 

0030 <20> The lithium mixed metal oxide according to 
<18> or <19>, wherein the retention temperature in the 
calcination is in the range of from 650° C. to 850° C. 

0031 <21 > A positive electrode active material for non 
aqueous electrolyte secondary battery, comprising the 
lithium mixed metal oxide according to any one of <1> to 
<5>, or <15>, or any one of <18> to <20> as a main 
ingredient. 

0032 <22> A positive electrode for nonaqueous electro 
lyte secondary battery having the positive electrode active 
material for nonaqueous electrolyte secondary battery 
according to <21>. 

0033 <23> A nonaqueous electrolyte secondary battery 
having the positive electrode for nonaqueous electrolyte 
secondary battery according to <22>. 

0034). <24> The nonaqueous electrolyte secondary battery 
according to <23>, further having a separator. 

0035) <25> The nonaqueous electrolyte secondary battery 
according to <24>, wherein the separator is a separator 
composed of a laminated film obtained by laminating a 
heat resistant porous layer and a porous film. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0036 FIG. 1 shows powder X-ray diffraction patterns of 
coprecipitates (P, P., Ps) in examples. 

BEST MODES FOR CARRYING OUT THE 
INVENTION 

0037 Suitable embodiments of the present invention will 
be described in detail below, but the present invention is not 
limited to the following embodiments. 
0038. The lithium mixed metal oxide of the present inven 
tion contains Li as an essential component, contains Ni, Mn 
and Fe, and has a BET specific surface area of 2 m/g or more 
and 30 m/g or less. When the BET specific surface area is less 
than 2 m/g or over 30 m/g, the resultant nonaqueous elec 
trolyte secondary battery manifests insufficient power output 
at high current rate. For further enhancing the effect of the 
present invention, the BET specific surface area of the lithium 
mixed metal oxide is preferably 3 m/g or more and more 
preferably 5 m/g or more. From the standpoint of a filling 
property, the BET specific surface area is preferably 15 m/g 
or less and more preferably 10 m/g or less. 
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0039 For obtaining a nonaqueous electrolyte secondary 
battery having higher capacity, the lithium mixed metal oxide 
of the present invention is preferably shown by the following 
formula (A): 

Lic NiMnFe)O. (A) 
wherein, 0<x<1, 0<y<1, and 0<x+y<1. 
0040. In the lithium mixed metal oxide of the present 
invention, the ratio of the amount (mol) of Mn with respect to 
the total amount (mol) of Ni, Mn and Fe is preferably 0.1 or 
more and 0.7 or less and more preferably 0.2 or more and 0.5 
or less, for obtaining a nonaqueous electrolyte secondary 
battery having higher capacity. The ratio of the amount (mol) 
of Mn with respect to the total amount (mol) of Ni, Mn and Fe 
represents the same meaning as for X in the formula (A). 
Namely, in the formula (A), the range of X is preferably 
0.1 sys0.7 and more preferably 0.2sxs0.5. For enhancing 
the cyclic performance of the nonaqueous electrolyte second 
ary battery, it is preferable that the amount (mol) of Mn in the 
lithium mixed metal oxide be larger than the amount (mol) of 
Ni. 
0041. In the lithium mixed metal oxide of the present 
invention, the ratio of the amount (mol) of Fe with respect to 
the total amount (mol) of Ni, Mn and Fe is preferably 0.01 or 
more and 0.5 or less, for obtaining a nonaqueous electrolyte 
secondary battery having higher capacity. The ratio of the 
amount (mol) of Fe with respect to the total amount (mol) of 
Ni, Mn and Fe represents the same meaning as for y in the 
formula (A). 
0042 Namely, in the formula (A), the range of y is pref 
erably 0.01 sys0.5. 
0043. Further, the present invention provides a method of 
producing a lithium mixed metal oxide, comprising bringing 
an aqueous solution containing Ni, Mn, Fe and Clinto contact 
with an alkali to obtain a coprecipitate, and calcining a mix 
ture of the coprecipitate and a lithium compound by main 
taining the mixture at a temperature of lower than 900°C. In 
the above-described contact, the coprecipitate is obtained in 
Some cases in the form of powder, depending on the concen 
tration of Ni, Mn and Fe in the aqueous solution and the state 
(aqueous solution or solid) of the alkali to be contacted with 
the aqueous solution, however, it is preferable that it be 
obtained in the form of coprecipitate slurry. Regarding the 
aqueous solution containing Ni, Mn, Fe and Cl, the alkali, the 
contact method of the aqueous solution and the alkali, the 
lithium compound, the method of mixing with the coprecipi 
tate, the method of calcining the mixture, and the like, mate 
rials or methods described later can be adopted. 
0044) The method of producing a lithium mixed metal 
oxide of the present invention is preferably a production 
method containing the following steps (1), (2) and (3) in that 
order: 
(1) a step of bringing an aqueous Solution containing Ni, Mn, 
Fe and Clinto contact with an alkali to obtain a coprecipitate 
slurry, 
(2) a step of obtaining a coprecipitate from the coprecipitate 
slurry, 
(3) a step of calcining a mixture obtained by mixing the 
coprecipitate and a lithium compound by maintaining the 
mixture at a temperature of lower than 900° C., to obtain a 
lithium mixed metal oxide. 
0045. In the above-described step (1), the aqueous solu 
tion containing Ni, Mn, Fe and Cl is preferably an aqueous 
solution obtained by dissolving a chloride of Ni, a chloride of 
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Mn, and a chloride of Fe into water by using respective 
chlorides as respective raw materials containing Ni, Mn and 
Fe. The chloride of Fe is preferably a chloride of divalent Fe. 
When respective raw materials containing Ni, Minor Fe are 
poorly soluble in water, for example, when these raw mate 
rials are oxides, hydroxides or metal materials, these raw 
materials can be dissolved in an aqueous solution containing 
hydrochloric acid to obtain an aqueous solution containing 
Ni, Mn, Fe and Cl. 
0046. In the step (1), the alkali includes anhydrides of one 
or more compounds selected from the group consisting of 
LiOH (lithium hydroxide), NaOH (sodium hydroxide), KOH 
(potassium hydroxide), Li2CO (lithium carbonate), NaCOs 
(sodium carbonate), KCO (potassium carbonate) and 
(NH4)2CO (ammonium carbonate), and/or hydrates of the 
one or more compounds. In the step (1), an aqueous solution 
of the above-described alkali is preferably used. The alkali 
aqueous solution includes ammonia water. The concentration 
of an alkali in the alkali aqueous solution is usually about 
from 0.5 to 10 M, preferably about from 1 to 8 M. It is 
preferable from the standpoint of production cost to use an 
anhydride and/or a hydrate of NaOH or KOH, as the alkali to 
be used. 

0047. The contact method in the step (1) includes a 
method in which an alkali aqueous solution is added to an 
aqueous solution containing Ni, Mn, Fe and Cl and these are 
mixed, a method in which an aqueous solution containing Ni, 
Mn, Fe and Cl is added to an alkali aqueous solution and these 
are mixed, and a method in which an aqueous solution con 
taining Ni, Mn, Fe and Cland an alkali aqueous solution are 
added to water and these are mixed. It is preferable that these 
mixing procedures be accompanied by stirring. Among the 
above-described contact methods, the method in which an 
aqueous solution containing Ni, Mn, Fe and Cl is added to an 
alkali aqueous solution and these are mixed can be preferably 
used since pH is controlled easily in this method. In this case, 
with the progress of addition of an aqueous solution contain 
ing Ni, Mn, Fe and Cl to an alkali aqueous solution and 
mixing thereof, pH of the mixed liquid tends to become lower, 
and it is recommendable to add an aqueous Solution contain 
ing Ni, Mn, Fe and Cl while adjusting pH to 9 or more, 
preferably 10 or more. Furthermore, it is preferable to per 
form contact of an aqueous Solution containing Ni, Mn, Fe 
and Cl and an alkali aqueous Solution while keeping either 
one or both of the aqueous solutions at a temperature of from 
40°C. to 80°C., since a coprecipitate having a more uniform 
composition can be obtained. 
0048. In the step (1), a coprecipitate is generated and a 
coprecipitate slurry can be obtained as described above. 
0049. For obtaining a nonaqueous electrolyte secondary 
battery having enhanced capacity, it is preferable that the ratio 
of the amount (mol) of Mn with respect to the total amount 
(mol) of Ni, Mn and Febe 0.1 or more and 0.7 or less in the 
aqueous solution containing Ni, Mn, Fe and Clin the step (1). 
0050. Further, for obtaining a nonaqueous electrolyte sec 
ondary battery having enhanced capacity, it is preferable that 
the ratio of the amount (mol) of Fe with respect to the total 
amount (mol) of Ni, Mn and Febe 0.01 or more and 0.5 or less 
in the aqueous Solution containing Ni, Mn, Fe and Cl. 
0051. In the step (2), a coprecipitate is obtained from the 
above-described coprecipitate slurry. The step (2) may be 
carried out by any methods providing a coprecipitate can be 
obtained, and from the standpoint of operability, methods 
according to Solid-liquid separation Such as filtration are pref 
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erably used. A coprecipitate can be obtained also by methods 
of volatilizing liquid with heating Such as spray drying, using 
a coprecipitate slurry. 
0052. In the case of obtaining a coprecipitate by solid 
liquid separation in the step (2), the above-described step (2) 
is preferably the following step (2): (2) A step of subjecting 
the coprecipitate slurry to Solid-liquid separation, then, to 
washing and drying, to obtain a coprecipitate. 
0053. In the case of the presence of alkali and C1 in excess 
quantity in a solid component obtained after Solid-liquid 
separation in the step (2), these can be removed by washing 
with a washing Solution. For washing a Solid component 
efficiently, it is preferable to use water as the washing solu 
tion. If necessary, water-soluble organic Solvents such as 
alcohols and acetones may be used as the washing solution. 
Washing may be carried out twice or more, and for example, 
it is possible that washing is carried out with water, then, 
washing is again carried out with the water-soluble organic 
solvent as described above. 

0054. In the step (2), after washing, drying is performed to 
obtain a coprecipitate. Although drying is usually carried out 
by a thermal treatment, it may also be carried out by air blast 
drying, vacuum drying and the like. In the case of the thermal 
treatment, it is carried out usually at from 50° C. to 300° C. 
preferably at about from 100° C. to 200° C. 
0055. The BET specific surface area of a coprecipitate 
obtained in the step (2) is usually about 10 m/g or more and 
100 m/g or less. The BET specific surface area of a copre 
cipitate can be controlled by drying temperature. The BET 
specific surface area of a coprecipitate is preferably 20 m/g 
or more and more preferably 30 m/g or more, for promoting 
the reactivity in the calcination described later. From the 
standpoint of operability, the BET specific surface area of a 
coprecipitate is preferably 90 m/g or less and more prefer 
ably 85 m/g or less. The coprecipitate is usually composed of 
a mixture of primary particles having a particle size of 0.001 
um or more and 0.1 um or less and secondary particles having 
a particle size of 1 Lum or more and 100 um or less formed by 
aggregation of primary particles. The particle size of primary 
particles and secondary particles can be measured by observ 
ing by a scanning electron microscope (hereinafter, referred 
to as SEM in some cases). The particle size of secondary 
particles is preferably 1 um or more and 50 um or less and 
more preferably 1 um or more and 30 um or less. 
0056. The above-described coprecipitate, that is, a copre 
cipitate obtained by bringing an aqueous solution containing 
Ni, Mn, Fe and C1 into contact with an alkali preferably 
manifests a diffraction peak (diffraction peak A) in the range 
of diffraction angle 20 of 17° or more and 20° or less, in a 
powder X-ray diffraction pattern obtained by powder X-ray 
diffractometry using CuKO. as a radiation source and in which 
the measurement range of diffraction angle 20 is 10° or more 
and 45° or less. A lithium mixed metal oxide obtained by 
calcining at a temperature of lower than 900° C. by using such 
a coprecipitate as a raw material of a lithium mixed metal 
oxide is useful for a positive electrode of a nonaqueous elec 
trolyte secondary battery which is capable of manifesting 
higher power output at high current rate. 
0057. Further, it is preferable for the coprecipitate that 
when the maximum intensity in the range of diffraction angle 
28 of 10° or more and 13° or less be represented by I in the 
above-described powder X-ray diffraction pattern, the value 
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of peak intensity ratio (I/I) obtained by dividing I by the 
intensity I of the diffraction peak A is 0 or more and 0.5 or 
less. 

0058. In the above-described powder X-ray diffraction 
pattern, the above-described diffraction peak A means a dif 
fraction peak manifesting maximum intensity in the range of 
20 of 17 or more and 20° or less. The maximum intensity I 
in the range of 20 of 10° or more and 13° or less is the intensity 
of a diffraction peak manifesting maximum intensity when a 
diffraction peak is present in the above-described range, and 
is 0 when a diffraction peak is not present in the above 
described range. Respecting the existence or nonexistence of 
a diffraction peak in the above-described powder X-ray dif 
fraction pattern, it is regarded that there is no diffraction peak 
when the intensity ratio I/Io obtained by dividing I by Io is 
less than 1.5, I being the intensity of the background and I 
being the intensity at arbitrary diffraction angle. 
0059. In the step (3), a mixture obtained by mixing the 
coprecipitate obtained as described above and a lithium com 
pound is calcined to obtain a lithium mixed metal oxide. The 
lithium compound includes anhydrides of one or more com 
pounds selected from the group consisting of lithium hydrox 
ide, lithium chloride, lithium nitrate and lithium carbonate, 
and/or hydrates of the one or more compounds. Mixing may 
be carried out by either dry mode mixing or wet mode mixing, 
and from the standpoint of simplicity, dry mode mixing is 
preferable. The mixing apparatus includes a stirring mixer, a 
V-shaped mixer, a W-shaped mixer, a ribbon mixer, a drum 
mixer, a ball mill and the like. 
0060. The retention temperature in the above-described 
calcination is an important factor for controlling the BET 
specific Surface area of a lithium mixed metal oxide. Usually, 
when the retention temperature is higher, the BET specific 
surface area tends to be lower. For example, in the step (3), the 
BET specific surface area of a lithium mixed metal oxide 
obtained in the case of calcination by maintaining at 900° C. 
is as Small as 0.3 m/g, and thus, power output at high current 
rate is not sufficient. When the retention temperature is lower 
than this, the BET specific surface area tends to be larger. The 
retention temperature is preferably in the range of 650° C. or 
more and 850° C. or less. The time of keeping the above 
described retention temperature is usually from 0.1 to 20 
hours and preferably from 0.5 to 8 hours. The temperature 
rising rate up to the above-described retention temperature is 
usually from 50° C. to 400° C./hour, and the temperature 
dropping rate down to room temperature from the above 
described retention temperature is usually from 10°C. to 400° 
C./hour. As the calcination atmosphere, air, oxygen, nitrogen, 
argon or mixed gas thereof can be used, and an air atmosphere 
is preferable. 
0061. In the above-described calcination, the mixture may 
contain a reaction accelerator. The reaction accelerator 
includes, more specifically, chlorides such as NaCl, KCl and 
NHCl, fluorides such as LiF, NaF. KF and HNF, boric acid, 
preferably the above-described chlorides, more preferably 
KC1. By inclusion of a reaction accelerator in the mixture, the 
reactivity of the mixture in the calcination can be improved 
and the BET specific surface area of the resultant lithium 
mixed metal oxide can be controlled in Some cases. Usually, 
when the retention temperature of the calcination is the same, 
if the content of a reaction accelerator in the mixture is larger, 
the BET specific surface area tends to be smaller. Further, two 
or more reaction accelerators can be used together. The reac 
tion accelerator may be added and mixed, in mixing of a 
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coprecipitate and a lithium compound. The reaction accelera 
tor may remain in a lithium mixed metal oxide, or may be 
removed by washing, evaporation and the like. 
0062. After the above-described calcination, the resultant 
lithium mixed metal oxide may be pulverized using a ball 
mill, jet mill and the like. The BET specific surface area of the 
lithium mixed metal oxide can be controlled by pulverization 
in some cases. Pulverization and calcination may be repeated 
twice or more. The lithium mixed metal oxide can also be 
washed or classified, if necessary. 
0063. The lithium mixed metal oxide obtained by the 
above-described production method of the present invention 
is a lithium mixed metal oxide useful for a nonaqueous elec 
trolyte secondary battery which is capable of manifesting 
high power output at high current rate. 
0064. The lithium mixed metal oxide of the present inven 
tion is constituted of primary particles having an average 
particle size of 0.05um or more and 1 um or less. Usually, the 
lithium mixed metal oxide of the present invention is com 
posed of a mixture of primary particles and secondary par 
ticles having an average particle size of 0.1 um or more and 
100 um or less formed by aggregation of primary particles. 
The particle size of primary particles and secondary particles 
can be measured by observing by SEM. For further enhancing 
the effect of the present invention, the size of secondary 
particles is preferably 0.1 um or more and 50 Lum or less and 
more preferably 0.1 um or more and 10 um or less. 
0065 For further enhancing the effect of the present inven 
tion, the lithium mixed metal oxide of the present invention 
preferably has a crystalline structure of C-NaFeC-type, that 
is, a crystalline structure belonging to the R-3m Space group. 
The crystalline structure can be identified from a powder 
X-ray diffraction pattern obtained by powder X-ray diffrac 
tometry using CuKO. as a radiation source, for the lithium 
mixed metal oxide. 
0.066 Regarding the composition of Li in a lithium mixed 
metal oxide of the present invention, the ratio of the amount 
(mol) of Li with respect to the total amount (mol) of Ni, Mn 
and Fe is usually 0.5 or more and 1.5 or less, and from the 
standpoint of further enhancing capacity maintenance ratio, it 
is preferably 0.95 or more and 1.5 or less and more preferably 
1.0 or more and 1.4 or less. If the formula (A) is represented 
as the following formula (A"), Z is usually 0.5 or more and 1.5 
or less, preferably 0.95 or more and 1.5 or less and more 
preferably 1.0 or more and 1.4 or less. 

wherein, 0<x<1, 0<y<1, 0<x+y-1, and 0.5szs 1.5. 
0067. In a range not impairing the effect of the present 
invention, a part of Li, Ni, Mn, Fe in a lithium mixed metal 
oxide of the present invention may be substituted by other 
elements. Here, the other elements include elements such as 
B, Al. Ga, In, Si, Ge, Sn, Mg, Sc,Y, Zr, Hf, Nb, Ta, Cr, Mo, W. 
Tc, Ru, Rh, Ir, Pd, Cu, Ag and Zn. 
0068 Onto the surface of particles constituting a lithium 
mixed metal oxide of the present invention, a compound 
different from the lithium mixed metal oxide may be adhered, 
in a range not impairing the effect of the present invention. 
Examples of the compound include compounds containing 
one or more elements selected from the group consisting of B. 
Al. Ga, In, Si, Ge, Sn, Mg and transition metal elements, 
preferably compounds containing one or more elements 
selected from the group consisting of B, Al, Mg, Ga. In and Sn 
and more preferably compounds of Al. Specific examples of 
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the compound include oxides, hydroxides, oxyhydroxides, 
carbonates, nitrates and organic acid salts of the above-de 
scribed elements. The oxides, the hydroxides and the oxyhy 
droxides are preferable. These compounds may be mixed. 
Among these compounds, alumina is aparticularly preferable 
compound. Heating may be carried out after adhesion. 
0069. The positive electrode active material for nonaque 
ous electrolyte secondary battery composed of a lithium 
mixed metal oxide of the present invention is suitable for a 
nonaqueous electrolyte secondary battery. In the present 
invention, the positive electrode active material for nonaque 
ous electrolyte secondary battery may be composed of a 
lithium mixed metal oxide of the present invention as a main 
ingredient. 
0070. Using the positive electrode active material for non 
aqueous electrolyte secondary battery, a positive electrode for 
nonaqueous electrolyte secondary battery can be produced, 
for example, as described below. 
0071. The positive electrode for nonaqueous electrolyte 
secondary battery is produced by allowing a positive elec 
trode mixture containing a positive electrode active material, 
electrical conductive material and binder to be supported on a 
positive electrode current collector. As the above-described 
electrical conductive material, carbonaceous materials can be 
used, and the carbonaceous materials include a graphite pow 
der, carbon black, acetylene black, filamentous carbon mate 
rial and the like. Carbon black and acetylene black can be 
added in a small amount into a positive electrode mixture to 
enhance the electric conductivity in a positive electrode and to 
improve charge and discharge efficiency and rate property 
since carbon black and acetylene black are composed of fine 
particles and have large surface area, however, when added in 
too large an amount, an adhesion property by a binder 
between a positive electrode mixture and a positive electrode 
current collector is lowered, leading to a cause for increase in 
internal resistance. Usually, the proportion of an electrical 
conductive material in a positive electrode mixture is 5 parts 
by weight or more and 20 parts by weight or less with respect 
to 100 parts by weight of the positive electrode active mate 
rial. In the case of use of a filamentous carbon material Such 
as graphitized carbon fiber and carbon nanotube as the elec 
trical conductive material, it is also possible to decrease this 
proportion. 
0072. As the above-described binder, thermoplastic resins 
can be used, and specifically mentioned are fluorine resins 
such as polyvinylidene fluoride (hereinafter, referred to as 
PVdF in some cases), polytetrafluoroethylene (hereinafter, 
referred to as PTFE in some cases), ethylene tetrafluoride 
propylene hexafluoride vinylidene fluoride copolymer, pro 
pylene hexafluoride vinylidene fluoride copolymer and eth 
ylene tetrafluoride perfluoro vinyl ether copolymer, polyole 
fin resins such as polyethylene and polypropylene, etc. Two or 
more of these compounds may be used in admixture. Further, 
a positive electrode mixture excellent in adhesion property 
with a positive electrode current collector can be obtained by 
using a fluorine resin and a polyolefin resin as the binder, and 
containing them so that the proportion of the fluorine resin 
with respect to the positive electrode mixture is from 1 to 10% 
by weight and the proportion of the polyolefin resin with 
respect to the positive electrode mixture is from 0.1 to 2% by 
weight. 
0073. As the above-described positive electrode current 
collector, Al, Ni, stainless steel and the like can be used, and 
Al is preferable since it can be processed into a thin film easily 
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and it is cheap. As the method for allowing a positive elec 
trode mixture to be supported on a positive electrode current 
collector, there is mentioned a method of pressure molding or 
a method of pasting a positive electrode mixture using an 
organic solvent and the like, and applying this on a positive 
electrode current collector and drying this, then, performing 
pressing and the like to attain fixation thereof. In the case of 
pasting, a slurry composed of a positive electrode active 
material, electrical conductive material, binder and organic 
Solvent is produced. The organic solvent includes amine sol 
vents such as N,N-dimethylaminopropylamine and diethyl 
enetriamine, ether solvents such as tetrahydrofuran, ketone 
Solvents such as methyl ethyl ketone, ester solvents such as 
methyl acetate, amide solvents such as dimethylacetamide 
and N-methyl-2-pyrrolidone, etc. 
0074 Examples of the method of applying a positive elec 
trode mixture on a positive electrode current collector include 
slit die coating method, Screen coating method, curtain coat 
ing method, knife coating method, gravure coating method 
and electrostatic spray method. By the methods mentioned 
above, a positive electrode for nonaqueous electrolyte sec 
ondary battery can be produced. 
0075. Using the above-described positive electrode for 
nonaqueous electrolyte secondary battery, a nonaqueous 
electrolyte secondary battery can be produced as described 
below. That is, a separator, negative electrode and the above 
described positive electrode are laminated and wound to 
obtain an electrode group, which is then accommodated in a 
battery can, then, an electrolytic solution composed of an 
organic solvent containing an electrolyte is impregnated, 
thus, a nonaqueous electrolyte secondary battery can be pro 
duced. 
0076 Examples of the shape of the above-described elec 
trode group include shapes revealing circle, ellipse, rectangle 
and rounded rectangle of cross section when the electrode 
group is cut in a direction perpendicular to the axis of winding 
thereof. Examples of the shape of the battery include a paper 
shape, a coin shape, a cylinder shape and an angular shape. 
0077. The above-described negative electrode may be an 
electrode which can be doped ordedoped with a lithium ion at 
potential lower than a positive electrode, and mentioned are 
electrodes in which a negative electrode mixture containing a 
negative electrode material is supported on a negative elec 
trode current collector, or electrodes composed solely of a 
negative electrode material. The negative electrode material 
includes carbonaceous materials, chalcogen compounds (ox 
ides, sulfides and the like), nitrides, metals or alloys, which 
can be doped ordedoped with a lithium ion at potential lower 
than a positive electrode. These negative electrode materials 
may be mixed and used. 
0078. The above-described negative electrode materials 
will be exemplified below. Specifically mentioned as the 
above-described carbonaceous materials are graphites Such 
as natural graphite and artificial graphite, cokes, carbon 
black, pyrolytic carbons, carbon fiber and organic polymer 
compound calcined bodies. Specifically mentioned as the 
above-described oxide are oxides of silicon represented by 
the formula SiO, (wherein, X represents a positive real num 
ber) such as SiO, and SiO, oxides of titanium represented by 
the formula TiO, (wherein, X represents a positive real num 
ber) such as TiO, and TiO, oxides of vanadium represented by 
the formula VO, (wherein, X represents a positive real num 
ber) such as VOs and VO, oxides of iron represented by the 
formula FeC), (wherein, X represents a positive real number) 
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such as FeO, FeO and FeC), oxides of tin represented by 
the formula SnO, (wherein, X represents a positive real num 
ber) such as SnO and SnO, oxides oftungsten represented by 
the formula WO, (wherein, X represents a positive real num 
ber) such as WO and WO, mixed metal oxides containing 
lithium and titanium and/or vanadium such as Li TiO2 and 
LiVO (e.g., LiVo. oO), etc. Specifically mentioned as the 
above-described sulfide are sulfides of titanium represented 
by the formula TiS, (wherein, X represents a positive real 
number) such as TiS, TiS and TiS, sulfides of vanadium 
represented by the formula VS (wherein, X represents a posi 
tive real number) such as VSVS and VS, sulfides of iron 
represented by the formula FeS (wherein, X represents a 
positive real number) such as FeS, FeS and FeS, sulfides of 
molybdenum represented by the formula MoS (wherein, X 
represents a positive real number) such as MoS and MoS. 
sulfides of tin represented by the formula SnS (wherein, X 
represents a positive real number) such as SnS and SnS, 
sulfides of tungsten represented by the formula WS 
(wherein, X represents a positive real number) Such as WS 
sulfides of antimony represented by the formula SbS, 
(wherein, X represents a positive real number) Such as Sb2S, 
sulfides of selenium represented by the formula SeS, 
(wherein, X represents a positive real number) Such as Sess, 
SeS, and SeS, etc. Specifically mentioned as the above-de 
scribed nitride are lithium-containing nitrides Such as LiN 
and Li-AN (wherein, A represents Ni and/or Co., and 
O>x<3). These carbonaceous materials, oxides, sulfides and 
nitrides may be used together, and may be either crystalline or 
amorphous. Further, these carbonaceous materials, oxides, 
Sulfides and nitrides are, in most cases, Supported on a nega 
tive electrode current collector, and used as an electrode. 
0079 Specifically mentioned as the above-described 
metal are lithium metals, silicon metals and tin metals. 
0080 Specifically mentioned as the above-described alloy 
are lithium alloys Such as Li Al, Li Ni and Li Si, silicon 
alloys such as Si-Zn, tin alloys such as Sn—Mn, Sn-Co, 
Sn-Ni, Sn-Cu and Sn-La, and additionally, alloys Such as 
Cu2Sb and La-NiSnz. These metals and alloys are, in most 
cases, used solely as an electrode (for example, used in the 
form of foil). 
0081. Among the above-described negative electrode 
materials, carbonaceous materials composed of graphite Such 
as natural graphite and artificial graphite as a mainingredient 
are preferably used from the standpoint of high potential 
flatness, low average discharge potential, good cyclic perfor 
mance and the like. As the shape of the carbonaceous mate 
rial, for example, any of flake Such as natural graphite, sphere 
Such as mesocarbon microbeads, fiber Such as graphitized 
carbon fiber, aggregate of fine powder and the like, may be 
used. 

0082. The above-described negative electrode mixture 
may contain a binder, if necessary. The binder includes ther 
moplastic resins, and specifically mentioned are PVdF, ther 
moplastic polyimide, carboxymethylcellulose, polyethylene, 
polypropylene and the like. 
0083. The above-described negative electrode current col 
lector includes Cu, Ni, stainless steel and the like, and from 
the standpoint of difficulty of making an alloy with lithium 
and easiness of processing into a thin film, Cu may be advan 
tageously used. As the method for allowing a negative elec 
trode mixture to be supported on the negative electrode cur 
rent collector, there are mentioned a method of pressure 
molding, a method of pasting a negative electrode mixture 
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using a solvent and the like, and applying this on a negative 
electrode current collector and drying this, then, performing 
pressing to attain press bonding thereof, and so forth, like the 
case of a positive electrode. 
I0084 As the above-described separator, for example, 
there can be used Subject matters having a form of porous 
membrane, non-woven fabric, woven fabric or the like made 
of a material Such as a polyolefin resin Such as polyethylene 
and polypropylene, or a fluorine resin, nitrogen-containing 
aromatic polymer, and moreover, two or more of the above 
described materials may be used to give a separator, or, the 
above-described subject matters may be laminated. As the 
separator, separators described in, for example, JP-A No. 
2000-30686 and JP-A No. 10-324758 are mentioned. It is 
advantageous that the thickness of the separator is thinner 
providing that mechanical strength is maintained, from the 
standpoint of increase in the Volumic energy density of a 
battery and decrease in internal resistance thereof, and it is 
usually about from 5 to 200 um, preferably about from 5 to 40 
um. The separator preferably has a porous film containing a 
thermoplastic resin. The nonaqueous electrolyte secondary 
battery preferably has a function by which, when an abnormal 
current flows in the battery usually because of short circuit 
between a positive electrode and a negative electrode and the 
like, the current is interrupted to block (shutdown) the flow of 
excessive current. Here, shutdown is carried out by obstruct 
ing micropores of a porous film of a separator, in the case of 
Surpassing usual use temperature. It is preferable that after 
shutdown, even if the temperature in the battery increases to 
a certain high temperature, membrane destruction does not 
occur at this temperature and shutdown condition be main 
tained. As this separator, a laminated film obtained by lami 
nating a heat resistant porous layer and a porous film is 
mentioned, and it becomes possible to further increase the 
heat resistance of a secondary battery in the present invention 
by using this film as a separator. Here, the heat resistant 
porous layer may be laminated on one Surface of the porous 
film, or may be laminated on both surfaces thereof. 
I0085. The above-described laminated film obtained by 
laminating a heat resistant porous layer and a porous film will 
be described below. 

0086. In the above-described laminated film, the heat 
resistant porous layer is a layer having higher heat resistance 
than the porous film, and the heat resistant porous layer may 
be formed from an inorganic powder, or may contain a heat 
resistant resin. Since the heat resistant porous layer contains 
a heat resistant resin, the heat resistant porous layer can be 
formed by an easy method Such as coating. The heat resistant 
resin includes polyamide, polyimide, polyamideimide, poly 
carbonate, polyacetal, polysulfone, polyphenylene Sulfide, 
polyether ketone, aromatic polyester, polyether Sulfone and 
polyether imide, and from the standpoint of further enhancing 
heat resistance, preferable are polyamide, polyimide, polya 
mideimide, polyether Sulfone and polyether imide, more 
preferable are polyamide, polyimide and polyamideimide. 
Further more preferable are nitrogen-containing aromatic 
polymers such as aromatic polyamide (para-oriented aro 
matic polyamide, meta-oriented aromatic polyamide), aro 
matic polyimide and aromatic polyamideimide, particularly 
preferable is aromatic polyamide, and from the standpoint of 
production, most preferable is para-oriented aromatic polya 
mide (hereinafter, referred to as “para-aramide' in some 
cases). The heat resistant resin includes also poly-4-methyl 
pentene-1 and cyclic olefin polymers. By using these heat 
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resistant resins, the heat resistance of a laminated film, that is, 
the thermal membrane destruction temperature of a laminated 
film can be further enhanced. In the case of use of a nitrogen 
containing aromatic polymer among these heat resistant res 
ins, compatibility with an electrolytic Solution, namely, a 
liquid retaining property on a heat resistant porous layer also 
increases, possibly due topolarity in its molecule, and also the 
rate of impregnation of an electrolytic solution in production 
of a nonaqueous electrolyte secondary battery is high, and 
also the charge and discharge capacity of a nonaqueous elec 
trolyte secondary battery increases further. 
0087. The thermal membrane destruction temperature of 
Such a laminated film depends on the kind of a heat resistant 
resin, and is selected according to the use stage and use object. 
More specifically, the thermal membrane destruction tem 
perature can be controlled to about 400° C. in the case of use 
of the above-described nitrogen-containing aromatic poly 
mer, to about 250° C. in the case of use of poly-4-methylpen 
tene-1 and to about 300°C. in the case of use of a cyclic olefin 
polymer, as the heat resistant resin, respectively. When the 
heat resistant porous layer is composed of an inorganic pow 
der, it is also possible to control the thermal membrane 
destruction temperature to, for example, 500° C. or more. 
0088. The above-described para-aramide is obtained by 
condensation polymerization of a para-oriented aromatic 
diamine and a para-oriented aromatic dicarboxylic halide, 
and consists Substantially of a repeating unit in which an 
amide bond is linked at a para-position or according orienta 
tion position of an aromatic ring (for example, orientation 
position extending coaxially or parallel toward the reverse 
direction, such as 4,4'-biphenylene, 1.5-naphthalene, and 2.6- 
naphthalene). Specifically exemplified are para-aramides 
having a para-orientation type structure or a structure accord 
ing to the para-orientation type, such as poly(para-phenyle 
neterephthalamide), poly(para-benzamide), poly(4,4'-benza 
nilide terephthalamide), poly(para-phenylene-4,4'- 
biphenylene dicarboxylic amide), poly(para-phenylene-2,6- 
naphthalene dicarboxylic amide), poly(2-chloro-para 
phenyleneterephthalamide) and para 
phenyleneterephthalamide/2,6-dichloro para 
phenyleneterephthalamide copolymer. 
0089. As the above-described aromatic polyimide, prefer 
able are wholly aromatic polyimides produced by polycon 
densation of an aromatic dianhydride and a diamine. Specific 
examples of the dianhydride include pyromellitic dianhy 
dride, 3,3'4,4'-diphenylsulfone tetracarboxylic dianhydride, 
3.3'4,4'-benzophenone tetracarboxylic dianhydride, 2,2'-bis 
(3,4-dicarboxyphenyl)hexafluoropropane and 3,3',4,4'-bi 
phenyl tetracarboxylic dianhydride. Specific examples of the 
diamine include oxydianiline, para-phenylenediamine, ben 
Zophenomediamine, 3,3'-methylenedianiline, 3,3'-diami 
nobenzophenone, 3,3'-diaminodiphenylsulfone and 1,5'- 
naphthalenediamine. Further, solvent-soluble polyimides can 
be suitably used. Examples of Such a polyimide include a 
polyimide which is a polycondensate of 3,3'4,4'-diphenyl 
Sulfone tetracarboxylic dianhydride and an aromatic diamine. 
0090 The above-described aromatic polyamideimide 
includes those obtained by using an aromatic dicarboxylic 
acid and an aromatic diisocyanate and condensation-poly 
merizing them, and those obtained by using an aromatic 
dianhydride and an aromatic diisocyanate and condensation 
polymerizing them. Specific examples of the aromatic dicar 
boxylic acid include isophthalic acid and terephthalic acid. 
Specific examples of the aromatic dianhydride include trim 
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ellitic anhydride. Specific examples of the aromatic diisocy 
anate include 4,4'-diphenylmethane diisocyanate, 2,4- 
tolylene diisocyanate, 2,6-tolylene diisocyanate, ortho 
tolylane diisocyanate and m-Xylene diisocyanate. 
0091 For further enhancing ion permeability, it is prefer 
able that the thickness of the heat resistant porous layer be 
thinner providing that mechanical strength is not deteriorated, 
and the thickness is preferably 1 um or more and 10 Lim or 
less, further preferably 1 um or more and 5 um or less and 
particularly preferably 1 um or more and 4 um or less. The 
heat resistant porous layer has micropores, and the pore size 
(diameter) is usually 3 um or less, preferably 1 um or less. 
When the heat resistant porous layer contains a heat resistant 
resin, the heat resistant porous layer may further contain 
fillers described later. 

0092. In the above-described laminated film, it is prefer 
able that the porous film have micropores, and has a shutdown 
function. In this case, the porous film contains athermoplastic 
resin. The porous film has a micropore size of usually 3 um or 
less, preferably 1 um or less. The porous film has porosity of 
usually from 30 to 80% by volume, preferably from 40 to 70% 
by Volume. In the nonaqueous electrolyte secondary battery, 
in the case of surpassing the usual use temperature, the porous 
film containing athermoplastic resin is capable of obstructing 
micropores, by softening of the thermoplastic resin constitut 
ing the film. 
0093. As the above-described thermoplastic resin, those 
which are not dissolved in an electrolytic solution of a non 
aqueous electrolyte secondary battery may be advanta 
geously selected. Specifically mentioned are polyolefin res 
ins. Such as polyethylene and polypropylene, and 
thermoplastic polyurethane resins, and a mixture of two or 
more of these compounds may also be used. For softening at 
lower temperature to attain shutdown, it is preferable that 
polyethylene be contained. As the polyethylene, specifically 
mentioned are polyethylenes such as low density polyethyl 
ene, high density polyethylene and linear polyethylene, and 
ultrahigh molecular weight polyethylenes having a molecular 
weight of 1000000 or more are also mentioned. For further 
enhancing the puncture strength of a porous film, it is prefer 
able that the thermoplastic resin constituting the film contain 
at least an ultrahigh molecular weight polyethylene. From the 
standpoint of production of a porous film, it is preferable in 
Some cases that the thermoplastic resin contain a wax com 
posed of a polyolefin of low molecular weight (weight aver 
age molecular weight of 10000 or less). 
0094. The thickness of a porous film in a laminated film is 
usually from 3 to 30 um, further preferably from 3 to 25um. 
In the present invention, the thickness of a laminated film is 
usually 40 um or less, preferably 20m or less. It is preferable 
that the value of A/B be 0.1 or more and 1 or less, the thickness 
of a heat resistant porous layer being A (Lm) and the thickness 
of a porous film being B (Lm). 
0.095 When a heat resistant porous layer contains a heat 
resistant resin, the heat resistant porous layer may also con 
tain one or more fillers. The material of the filler may be 
selected from an organic powder, inorganic powder or a mix 
ture thereof. It is preferable that particles constituting the 
filler have an average particle size of 0.01 um or more and 1 
um or less. 
0096. The above-described organic powder includes pow 
ders made of organic Substances such as styrene, vinyl 
ketone, acrylonitrile, methyl methacrylate, ethyl methacry 
late, glycidyl methacrylate, glycidyl acrylate and methyl 
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acrylate, singly or in the form of a copolymer composed of 
two or more of these compounds, and fluorine-containing 
resins such as polytetrafluoroethylene, ethylene tetrafluoride 
propylene hexafluoride copolymer, ethylene tetrafluoride 
ethylene copolymer and polyvinylidene fluoride; melamine 
resins; urea resins; polyolefins; polymethacrylate, and the 
like. These organic powders may be used singly, or in admix 
ture of two or more. Among these organic powders, a poly 
tetrafluoroethylene powder is preferable from the standpoint 
of chemical stability. 
0097. As the above-described inorganic powder, powders 
composed of inorganic Substances Such as, for example, 
metal oxides, metal nitrides, metal carbides, metal hydrox 
ides, carbonates and Sulfates are mentioned, and of them, 
powders composed of inorganic Substances of low electric 
conductivity are preferably used. Specifically exemplified are 
powders composed of alumina, Silica, titanium dioxide, cal 
cium carbonate and the like. These inorganic powders may be 
used singly or in admixture of two or more. Among these 
inorganic powders, an alumina powder is preferable from the 
standpoint of chemical stability. Here, it is more preferable 
that all particles constituting the filler be alumina particles, 
and further more preferable is an embodiment in which all 
particles constituting the filler are alumina particles and a part 
of or all of them are approximately spherical alumina par 
ticles. When the heat resistant porous layer is formed from an 
inorganic powder, the above-exemplified inorganic powders 
may be advantageously used, and if necessary, a binder may 
be mixed with them. 

0098. The content of a filler when the heat resistant porous 
layer contains a heat resistant resin depends on the specific 
gravity of the material of the filler, and for example, when all 
particles constituting the filler are alumina particles, the 
weight of the filler is usually 5 or more and 95 or less, 
preferably 20 or more and 95 or less and more preferably 30 
or more and 90 or less, the total weight of the heat resistant 
porous layer being 100. These ranges can be appropriately 
set, depending on the specific gravity of the material of the 
filler. 
0099. The shape of the filler includes an approximately 
spherical shape, a plate shape, a column shape, a needle 
shape, a whisker shape, a fiber shape and the like, and any 
particles can be used, and preferable are approximately 
spherical particles since uniform pores are formed easily with 
them. The approximately spherical particles include particles 
having a particle aspect ratio (particle major axis/particle 
minor axis) of 1 or more and 1.5 or less. The particle aspect 
ratio can be measured by an electron micrograph. 
0100. In the present invention, the separator has an air 
permeability according to the Gurley method of preferably 
from 50 to 300 sec/100 cc, further preferably from 50 to 200 
sec/100 cc, from the standpoint of combination with ion 
permeability. The separator has a porosity of usually from 30 
to 80% by volume, preferably from 40 to 70% by volume. The 
separator may also be a laminate of separators having differ 
ent porosities. 
0101. In a secondary battery, the electrolytic solution is 
usually composed of an organic solvent containing an elec 
trolyte. The electrolyte includes lithium salts such as LiClO, 
LiPF, LiAsF LiSbF LIBF LiCFSO, LiN(SOCF), 
LiN(SOCFs), LiN(SOCF)(COCF), Li(CFSO), LiC 
(SOCF), Li BioClio, LiBOB (wherein, BOB means bis 
(oxalato)borate), lower aliphatic carboxylic acid lithium salts 
and LiAlCl4, and a mixture of two or more of these com 
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pounds may also be used. Usually, at least one compound 
selected from the group consisting of LiPF, LiASF, LiSbF. 
LiBF, LiCFSO, LiN(SOCF) and LiC(SOCF) con 
taining fluorine, among the above-mentioned salts, is used as 
the lithium salt. 
0102. In the above-described electrolytic solution, use can 
be made as the organic solvent of for example, carbonates 
Such as propylene carbonate, ethylene carbonate, dimethyl 
carbonate, diethyl carbonate, ethyl methyl carbonate, 4-trif 
luoromethyl-1,3-dioxolan-2-one and 1,2-di(methoxycarbo 
nyloxy)ethane; ethers such as 1,2-dimethoxyethane, 1.3- 
dimethoxypropane, pentafluoropropyl methyl ether, 2.2.3,3- 
tetrafluoropropyl difluoromethyl ether, tetrahydrofuran and 
2-methyltetrahydrofuran; esters such as methyl formate, 
methyl acetate and Y-butyrolactone; nitriles such as acetoni 
trile and butyronitrile; amides such as N,N-dimethylforma 
mide and N,N-dimethylacetamide; carbamates such as 3-me 
thyl-2-oxazolidone; Sulfur-containing compounds such as 
Sulfolane, dimethyl Sulfoxide and 1,3-propane Sultone, or 
compounds obtained by further introducing a fluorine Sub 
stituent into the above-described organic solvents, and usu 
ally, two or more of these solvents are used in admixture. Of 
them, preferable are mixed solvents containing carbonates, 
and further preferable are mixed solvents of cyclic carbonates 
and non-cyclic carbonates or mixed solvents of cyclic car 
bonates and ethers. As the mixed solvents of cyclic carbonates 
and non-cyclic carbonates, preferable are mixed solvents 
containing ethylene carbonate, dimethyl carbonate and ethyl 
methyl carbonate since the operational temperature range is 
wide, a load property is excellent, and difficult degradability 
is secured even if a graphite material such as natural graphite 
and artificial graphite is used as the negative electrode active 
material. Lithium salts containing fluorine such as LiPF and 
organic solvents having a fluorine Substituent are preferably 
used since a particularly excellent safety improving effect is 
obtained. Mixed solvents containing dimethyl carbonate and 
ethers having a fluorine Substituent Such as pentafluoropropyl 
methyl ether and 2,2,3,3-tetrafluoropropyl difluoromethyl 
ether are further preferable since these are excellent also in a 
large current discharge property. 
0103 Instead of the above-described electrolytic solution, 
a solid electrolyte may be used. As the solid electrolyte, for 
example, organic polymer electrolytes Such as polyethylene 
oxide type polymer compounds and polymer compounds 
containing a polyorganosiloxane chain and/or polyoxyalky 
lene chain can be used. Further, so-called gel type electrolytes 
obtained by allowing a non-aqueous electrolyte solution to be 
Supported on a polymer compound can also be used. More 
over, inorganic Solid electrolytes containing a sulfide Such as 
LiS SiS, LiS GeS, LiS PSs, LiS —BS, LiS — 
SiS LiPO and LiS SiS LiSO may also be used. 
Using these solid electrolytes, safety can be further enhanced. 
In the nonaqueous electrolyte secondary battery of the 
present invention, when a solid electrolyte is used, the Solid 
electrolyte plays a role of separator in Some cases. In these 
cases, a separator is not necessary in Some cases. 
0104 Examples of the present invention will be described 
below, but the examples shown below are suitable examples 
for explaining the present invention and do not limit the 
present invention at all. 
0105 Evaluation and charge and discharge test of lithium 
mixed metal oxides (positive electrode active material) were 
carried out as described below. 

1. Charge and Discharge Test 
0106 To a mixture of a positive electrode active material 
and an electrical conductive material (mixture of acetylene 
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black and graphite of 1:9) was added an N-methyl-2-pyrroli 
done (hereinafter, referred to as NMP in some cases) solution 
of PVdF as a binder so as to give a composition of active 
material: electrical conductive material: binder-86:10:4 (ra 
tio by weight) and the resultant mixture was kneaded to obtain 
a paste, and the paste was applied on an Al foil having a 
thickness of 40 um as a current collector, and vacuum drying 
at 150° C. was performed for 8 hours to obtain a positive 
electrode. 
0107 The resultant positive electrode was combined with 
a solution (hereinafter, described as LiPF/EC+DMC+EMC 
in some cases) prepared by dissolving LiPF in a concentra 
tion of 1 mol/l liter into a mixed solution of ethylene carbon 
ate (hereinafter, referred to as EC in some cases), dimethyl 
carbonate (hereinafter, referred to as DMC in some cases) and 
ethyl methyl carbonate (hereinafter, referred to as EMC in 
some cases) of a ratio of 30:35:35 (ratio by volume) as an 
electrolytic solution, a polypropylene porous membrane as a 
separator, and metal lithium as a negative electrode, thereby 
fabricating a coin-shaped battery (R2032). 
0108. Using the above-described coin-shaped battery, a 
discharge rate test was carried out under conditions shown 
below while maintaining at 25°C. In the discharge rate test, 
the discharge capacity was measured while changing the dis 
charge current in discharging, and the discharge capacity 
maintenance ratio was calculated according to the formula 
described below. 

<Discharge Rate Test> 
0109 The charge maximum voltage was adjusted to 4.3 V, 
the charge time was adjusted to 8 hours, the charge current 
was adjusted to 0.264 mA/cm, and in discharging, the dis 
charge minimum Voltage was adjusted to a constant level of 
3.0 V, and under Such conditions, discharge was carried out 
while changing the discharge current in each cycle as 
described below. Higher discharge capacity by discharge at 
10C (high current rate) means higher power output. 
0110 Discharge at 1-stand 2-md cycles (0.2C): discharge 
current 0.264 mA/cm 
0111 Discharge at 3-rd cycle (1C): discharge current 1.32 
mA/cm 
0112 Discharge at 4-th cycle (3C): discharge current 3.96 
mA/cm 
0113 Discharge at 5-th cycle (5C): discharge current 6.60 
mA/cm 
0114 Discharge at 6-th cycle (10C): discharge current 
13.2 mA/cm 

<Discharge Capacity Maintenance Ratio> 
0115 

Discharge capacity maintenance ratio (%)=discharge 
capacity at cycle of given turninitial discharge capac 
ityx100 

2. Measurement of BET Specific Surface Area of Lithium 
Mixed Metal Oxide 

0116. One gram of a powder was dried in a nitrogen atmo 
sphere at 150° C. for 15 minutes, then, the BET specific 
surface area was measured using FlowSorb II 2300 manufac 
tured by Micrometrics. 
3. Analysis of Composition of Lithium Mixed Metal Oxide 
0117. A powder was dissolved in hydrochloric acid, then, 
measurement thereof was performed using Inductively 
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Coupled Plasma-Atomic Emission Spectrometry (SPS 3000, 
manufactured by Seiko Instruments Inc., hereinafter, referred 
to as ICP-AES in some cases). 

4. SEM Observation of Lithium Mixed Metal Oxide 

0118 Particles constituting a lithium mixed metal oxide 
were placed on an electrical conductive sheet pasted onto a 
sample stage, and irradiated with an electronbeam having an 
acceleration voltage of 20 kV using JSM-5510 manufactured 
by JEOL Ltd., and under such conditions, SEM observation 
was carried out. The average particle size was measured by 
selecting fifty particles arbitrarily from an image (SEM pho 
tograph) obtained by SEM observation, measuring the par 
ticle sizes of them, and calculating an average value thereof. 

5. Powder X-Ray Diffractometry of Lithium Mixed Metal 
Oxide 

0119 Powder X-ray diffractometry of a lithium mixed 
metal oxide was carried out using RINT 2500 TTR-type 
manufactured by Rigaku Corporation. A lithium mixed metal 
oxide was filled on a dedicated Substrate, and the measure 
ment was carried out in the range of diffraction angle 20=10° 
to 90° using a CuKO. radiation source, to obtain a powder 
X-ray diffraction pattern. 

Comparative Example 1 

1. Production of Lithium Mixed Metal Oxide 

I0120 Lithium carbonate (LiCO: manufactured by The 
Honjo Chemical Corporation)(39.16 g), nickel hydroxide (Ni 
(OH): manufactured by Kansai Catalyst Co. Ltd.) (38.23 g). 
manganese oxide (MnO: manufactured by Kojundo Chemi 
cal Laboratory Co. Ltd.)(44.43 g), tri-cobalt tetra-oxide 
(Co-O: manufactured by Seido Chemical Industry Co., Ltd.) 
(7.80 g) and boric acid (HBO: manufactured by YCHEM 
Co., Ltd.) (1.85g) were weighed respectively, and mixed 
using a ball mill mixer under conditions shown below, to 
obtain a raw material mixed powder. 
I0121 Pulverization media: 15 mmcp alumina balls (5.8 kg) 
I0122) Revolution of ball mill:80 rpm 
(0123 Volume of ball mill: 5 L 
0.124. The above-described raw material mixed powder 
was charged in an alumina sheath, and calcined by keeping in 
an air atmosphere at 1040°C. for 4 hours, to obtain a block 
object. This block object was pulverized using a jet mill 
apparatus (AFG-100, manufactured by Hosokawa Micron 
Corporation), to obtain a powder A. 
0.125. As a result of analysis of the ICP composition of the 
powder A, the molar ratio of Li:Ni:Mn:Co was 1.04:0.41:0. 
49:0.10. The powder A had a BET specific surface area of 2.6 
m?g, and as a result of powder X-ray diffractometry, the 
crystal structure thereof was ascribable to the R-3m space 
group. 

2. Discharge Rate Test of Nonacqueous Electrolyte 
Secondary Battery 

I0126. A coin-shaped battery was manufactured using the 
powder A, and a discharge rate test was carried out to find 
that the discharge capacities (mAh/g) at 0.2C, 1C, 3C, 5C and 
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10C were 140, 120, 97, 82 and 58, respectively, and the 
capacity maintenance ratios (%) thereof were 100, 86, 69,59 
and 41, respectively. 

Example 1 

1. Production of Lithium Mixed Metal Oxide 

0127. In a polypropylene beaker, 83.88 g of potassium 
hydroxide was added to 200 ml of distilled water and dis 
Solved by stirring, leading to complete dissolution of potas 
sium hydroxide, thereby preparing a potassium hydroxide 
aqueous Solution (alkali aqueous solution). In a glass beaker, 
to 200 ml of distilled water was added 13.90 g of nickel(II) 
chloride hexahydrate, 13.95 g of manganese(II) chloride tet 
rahydrate and 4.05 g of iron(III) chloride hexahydrate, and 
these were dissolved by stirring, to obtain a nickel-manga 
nese-iron mixed aqueous solution. While stirring the above 
described potassium hydroxide aqueous solution, the above 
described nickel-manganese-iron mixed aqueous solution 
was dropped into this, to cause generation of a coprecipitate, 
thereby obtaining a coprecipitate slurry. pH at the end of the 
reaction was measured to find a value of 13. 
0128 Subsequently, the coprecipitate slurry was sub 
jected to filtration and washing with distilled water, and dried 
at 100° C. to obtain a coprecipitate P. In SEM observation of 
the coprecipitate P, the average value of the particle sizes of 
primary particles thereof was 0.03 um, and the BET specific 
surface area was 83 m/g. As a result of analysis of the P. 
composition, the molar ratio of Ni:Mn: Fe was 0.41:0.49:0. 
10, and as a result of powder X-ray diffractometry of P, a 
peak A was detected in the range of 20 of from 19.0° to 19.5°, 
a peak was detected around 11 in the range of 20 of 10° or 
more and 13° or less, and I/I was 0.46, in the powder X-ray 
diffraction pattern. The powder X-ray diffraction pattern is 
shown in FIG. 1. 

0129. The above-described coprecipitate (P) (2.0 g) and 
lithium hydroxide monohydrate (1.16 g) were dry-mixed 
using an agate mortar to obtain a mixture. Then, the mixture 
was placed in an alumina calcination vessel, calcination 
thereof was performed by maintaining at 800° C. in an air 
atmosphere for 6 hours using an electric furnace, and the 
mixture was cooled down to room temperature to obtain a 
calcined article, and this was pulverized, washed with dis 
tilled water by decantation, and filtrated and dried at 100° C. 
for 8 hours, to obtain a powder B. 
0130. As a result of analysis of the composition of the 
powder B, the molar ratio of Li:Ni:MnFe was 1.34:0.41:0. 
49:0.10. The powder B had a BET specific surface area of 6.4 
m/g, and in SEM observation of the powder B, the average 
value of the particle sizes of primary particles was 0.2 Lum. As 
a result of powder X-ray diffractometry, it was found that the 
crystal structure of the powder B was a crystal structure 
belonging to the R-3m Space group. 

2. Discharge Rate Test of Nonaqueous Electrolyte 
Secondary Battery 

0131. A coin-shaped battery was fabricated using the pow 
der B, and a discharge rate test was carried out to find that the 
discharge capacities (mAh/g) at 0.2C, 1C, 3C, 5C and 10C 
were 113, 102, 90, 83 and 69, respectively, and the capacity 
maintenance ratios (%) thereof were 100, 90, 80, 73 and 61, 
respectively, indicating that the discharge capacity and the 
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capacity maintenance ratio at 10C were higher than the dis 
charge capacity and the capacity maintenance ratio of A, 
respectively. 

Example 2 
1. Production of Lithium Mixed Metal Oxide 

0.132. The same procedure as in Example 1 was carried out 
to obtain a coprecipitate slurry, excepting that the amount of 
nickel(II) chloride hexahydrate was 16.04 g, the amount of 
manganese(II) chloride tetrahydrate was 13.36 g and the 
amount of iron(III) chloride hexahydrate was 4.05 g. pH at the 
end of the reaction was measured to find a value of 13. 
0.133 Subsequently, the coprecipitate slurry was sub 
jected to filtration and washing with distilled water, and dried 
at 100° C. to obtain a coprecipitate P. In SEM observation of 
the coprecipitate P, the average value of the particle sizes of 
primary particles thereof was 0.05um, and the BET specific 
surface area was 63 m/g. As a result of analysis of the P. 
composition, the molar ratio of Ni:Mn: Fe was 0.45:0.45:0. 
10, and as a result of powder X-ray diffractometry of P., a 
peak A was detected in the range of 20 of from 19.0° to 19.5°, 
a peak was detected around 11 in the range of 20 of 10° or 
more and 13° or less, and I/I was 0.31, in the powder X-ray 
diffraction pattern. The powder X-ray diffraction pattern is 
shown in FIG. 1. 
I0134) The above-described coprecipitate (P.) (2.0 g) and 
lithium hydroxide monohydrate (1.16 g) were dry-mixed 
using an agate mortar to obtain a mixture. Then, the mixture 
was placed in an alumina calcination vessel, calcination 
thereof was performed by maintaining at 800° C. in an air 
atmosphere for 6 hours using an electric furnace, and the 
mixture was cooled down to room temperature to obtain a 
calcined article, and this was pulverized, washed with dis 
tilled water by decantation, and filtrated and dried at 100° C. 
for 8 hours, to obtain a powder B. 
I0135. As a result of analysis of the composition of the 
powder B, the molar ratio of Li:Ni:Mn:Fe was 1.35:0.45:0. 
45:0.10. The powder Bhada BET specific surface area of 7.1 
m?g, and in SEM observation of the powder B, the average 
value of the particle sizes of primary particles was 0.3 um. As 
a result of powder X-ray diffractometry, it was found that the 
crystal structure of the powder B was a crystal structure 
belonging to the R-3m Space group. 

2. Discharge Rate Test of Nonacqueous Electrolyte 
Secondary Battery 

0.136. A coin-shaped battery was fabricated using the pow 
der B, and a discharge rate test was carried out to find that the 
discharge capacities (mAh/g) at 0.2C, 1C, 3C, 5C and 10C 
were 108, 96, 83, 77 and 61, respectively, and the capacity 
maintenance ratios thereof were 100, 89, 77, 71 and 56, 
respectively, indicating that the discharge capacity and the 
capacity maintenance ratio at 10C were higher than the dis 
charge capacity and the capacity maintenance ratio of A, 
respectively. 

Example 3 
1. Production of Lithium Mixed Metal Oxide 

0.137 The same procedure as in Example 1 was carried out 
to obtain a powder B excepting that the mixture in Example 
1 was calcined by maintaining at 700°C. The powder B had 
a BET specific surface area of 9 m/g. As a result of analysis 
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of the composition of the powder B, the molar ratio of 
Li:Ni:Mn: Fe was 1.34:0.41:0.49:0.10. In SEM observation of 
the powder B, the average value of the particle sizes of 
primary particles was 0.2 Lum. As a result of powder X-ray 
diffractometry, it was found that the crystal structure of the 
powder B was a crystal structure belonging to the R-3m 
Space group. 

2. Discharge Rate Test of Nonaqueous Electrolyte 
Secondary Battery 

0138 A coin-shaped battery was fabricated using the pow 
der B, and a discharge rate test was carried out to find that the 
discharge capacities (mAh/g) at 0.2C, 1C, 3C, 5C and 10C 
were 118, 105, 94,83 and 72, respectively, and the capacity 
maintenance ratios (%) thereof were 100, 89,80, 70 and 61, 
respectively, indicating that the discharge capacity and the 
capacity maintenance ratio at 10C were higher than the dis 
charge capacity and the capacity maintenance ratio of A, 
respectively. 

Example 4 
1. Production of Lithium Mixed Metal Oxide 

0.139. The same procedure as in Example 1 was carried out 
to obtain a powder B excepting that the mixture in Example 
1 was calcined by maintaining at 600°C. The powder Bahad 
a BET specific surface area of 17 m/g. As a result of analysis 
of the composition of the powder B, the molar ratio of 
Li:Ni:Mn: Fe was 1.35:0.41:0.49:0.10. In SEM observation of 
the powder B, the average value of the particle sizes of 
primary particles was 0.1 um. As a result of powder X-ray 
diffractometry, it was found that the crystal structure of the 
powder B was a crystal structure belonging to the R-3m 
Space group. 

2. Discharge Rate Test of Nonaqueous Electrolyte 
Secondary Battery 

0140. A coin-shaped battery was fabricated using the pow 
der B, and a discharge rate test was carried out to find that the 
discharge capacities (mAh/g) at 0.2C, 1C, 3C, 5C and 10C 
were 101, 89, 78, 70 and 58, respectively, and the capacity 
maintenance ratios (%) thereof were 100, 88, 77, 69 and 57, 
respectively, indicating that the discharge capacity and the 
capacity maintenance ratio at 10C were higher than the dis 
charge capacity and the capacity maintenance ratio of A, 
respectively. 

Reference Example 1 
0141. The same procedure as in Example 1 was carried out 
to obtain a powder A excepting that the mixture in Example 
1 was calcined by maintaining at 900°C. The powder A had 
a BET specific surface area of 0.3 m/g. As a result of analysis 
of the composition of the powder A, the molar ratio of 
Li:Ni:Mn: Fe was 1.30:0.41:0.49:0.10. In SEM observation of 
the powder A, the average value of the particle sizes of 
primary particles was 0.7 um. As a result of powder X-ray 
diffractometry, it was found that the crystal structure of the 
powder A was a crystal structure belonging to the R-3m 
Space group. 

2. Discharge Rate Test of Nonaqueous Electrolyte 
Secondary Battery 

0142. A coin-shaped battery was fabricated using the pow 
der A, and a discharge rate test was carried out to find that the 
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discharge capacity and the capacity maintenance ratio at 10C. 
that is, power output at high current rate was not sufficient. 
Specifically, the discharge capacities (mAh/g) at 0.2C, 1C. 
3C, 5C and 10C were 76, 51, 45, 22 and 14, respectively, and 
the capacity maintenance ratios (%) thereof were 100, 67, 59. 
29 and 18, respectively, indicating insufficient results. 

Example 5 
1. Production of Lithium Mixed Metal Oxide 

0143. The same procedure as in Example 2 was carried out 
to obtain a coprecipitate slurry, excepting that 2.982 g of 
iron(II) chloride tetrahydrate as a di-valent Fe chloride was 
used instead of iron(III) chloride hexahydrate, and a nickel 
manganese-iron mixed aqueous solution was dropped while 
constantly maintaining the potassium hydroxide aqueous 
solution at 60° C. pH at the end of the reaction was measured 
to find a value of 14. 
0144. Subsequently, the above-described coprecipitate 
slurry was subjected to filtration and washing with distilled 
water, and dried at 100° C. to obtain a coprecipitate P. In 
SEM observation of the coprecipitate P, the average value of 
the particle sizes of primary particles thereof was 0.02 um, 
and the BET specific surface area was 96 m/g. As a result of 
analysis of the P. composition, the molar ratio of Ni:Mn: Fe 
was 0.45:0.45:0.10, and as a result of powder X-ray diffrac 
tometry of Ps, a peak A was detected in the range of 20 offrom 
19.0° to 19.5°, a peak was not detected in the range of 20 of 
from 10° to 13, and I/I was 0, in the powder X-ray diffrac 
tion pattern. The powder X-ray diffraction pattern is shown in 
FIG 1. 
0145 The above-described coprecipitate (P) (2.0 g) and 
lithium hydroxide monohydrate (1.16 g) were dry-mixed 
using an agate mortar to obtain a mixture. Then, the mixture 
was placed in an alumina calcination vessel, calcination 
thereof was performed by maintaining at 800° C. in an air 
atmosphere for 6 hours using an electric furnace, and the 
mixture was cooled down to room temperature to obtain a 
calcined article, and this was pulverized, washed with dis 
tilled water by decantation, and filtrated and dried at 100° C. 
for 8 hours, to obtain a powder Bs. 
0146. As a result of analysis of the composition of the 
powder Bs, the molar ratio of Li:Ni:Mn:Fe was 1.20:0.45:0. 
45:0.10. The powder Bs had a BET specific surface area of 6.8 
m/g, and in SEM observation of the powder Bs, the average 
value of the particle sizes of primary particles was 0.2 Lum. As 
a result of powder X-ray diffractometry, it was found that the 
crystal structure of the powder Bs was a crystal structure 
belonging to the R-3m Space group. 

2. Discharge Rate Test of Nonacqueous Electrolyte 
Secondary Battery 

0147 A coin-shaped battery was fabricated using the pow 
der Bs, and a discharge rate test was carried out to find that the 
discharge capacities (mAh/g) at 0.2C, 1C, 3C, 5C and 10C 
were 122, 108, 95, 87 and 75, respectively, and the capacity 
maintenance ratios (%) thereof were 100, 89,78, 71 and 61, 
respectively, indicating that the discharge capacity and the 
capacity maintenance ratio at 10C were higher than the dis 
charge capacity and the capacity maintenance ratio of A, 
respectively. 

Example 6 
1. Production of Lithium Mixed Metal Oxide 

0.148. The same procedure as in Example 5 was carried out 
to obtain a powder B, excepting that 2.0 g of the coprecipitate 
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P, 1.16 g of lithium hydroxide monohydrate and 1.16 g of 
KCl (reaction accelerator) were dry-mixed using an agate 
mortar. 

0149. As a result of analysis of the composition of the 
powder B, the molar ratio of Li:Ni:Mn:Fe was 1.10:0.45:0. 
45:0.10. The powder Bhada BET specific surface area of 7.6 
m?g, and in SEM observation of the powder B, the average 
value of the particle sizes of primary particles was 0.1 um. As 
a result of powder X-ray diffractometry, it was found that the 
crystal structure of the powder B was a crystal structure 
belonging to the R-3m Space group. 

2. Discharge Rate Test of Nonaqueous Electrolyte 
Secondary Battery 

0150. A coin-shaped battery was fabricated using the pow 
der B, and a discharge rate test was carried out to find that the 
discharge capacities (mAh/g) at 0.2C, 1C, 3C, 5C and 10C 
were 143, 129, 116, 108 and 88, respectively, and the capacity 
maintenance ratios (%) thereof were 100, 90, 81, 76 and 62, 
respectively, indicating that the discharge capacity and the 
capacity maintenance ratio at 10C were higher than the dis 
charge capacity and the capacity maintenance ratio of A, 
respectively. 

Production Example 1 
Production of Laminated Film 

(1) Production of Coating Solution 
0151. Calcium chloride (272.7 g) was dissolved in NMP 
(4200 g), then, para-phenylenediamine (132.9 g) was added 
and dissolved completely. To the resultant solution was added 
gradually 243.3 g of terephthalic dichloride and polymeriza 
tion thereof was carried out to obtain a para-aramide, and this 
was diluted further with NMP to obtain a para-aramide solu 
tion (A) having a concentration of 2.0% by weight. To 100 g 
of the resultant para-aramide Solution was added 2 g of an 
alumina powder (a) (manufactured by Nippon Aerosil Co., 
Ltd., Alumina C. average particle size 0.02 um) and 2 g of an 
alumina powder (b) (Sumicorandom AA03 manufactured by 
Sumitomo Chemical Co., Ltd., AA03, average particle diam 
eter 0.3 um) as a filler in a total amount of 4g, and these were 
mixed and treated three times by a nanomizer, and further, 
filtrated through a 1000 mesh wire netting, and de-foamed 
under reduced pressure to produce a slurry-formed coating 
solution (B). The weight of the alumina powders (filler) with 
respect to the total weight of the para-aramide and the alu 
mina powders was 67% by weight. 

(2) Production of Laminated Film and Evaluation Thereof. 
0152. A polyethylene porous membrane (thickness 12 um, 
air permeability 140 sec/100 cc, average pore size 0.1 um, 
porosity 50%) was used as the porous film. On a PET film 
having a thickness of 100 um, the above-described polyeth 
ylene porous membrane was fixed, and the slurry-form coat 
ing solution (B) was coated on the porous membrane by a bar 
coater manufactured by Tester Sangyo Co., Ltd. The product 
was immersed in water as a poor Solvent while maintaining 
integration of the porous membrane coated on the PET film, 
to cause deposition of apara-aramide porous membrane (heat 
resistant porous layer), then, the solvent was dried to obtain a 
laminated film 1 composed of a heat resistant porous layer 
and a porous film laminated. The thickness of the laminated 
film 1 was 16 Jum, and the thickness of the para-aramide 
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porous membrane (heat resistant porous layer) was 4 um. The 
laminated film 1 had an air permeability of 180 sec/100 cc, 
and a porosity of 50%. The cross section of the heat resistant 
porous layer in the laminated film 1 was observed by a scan 
ning electron microscope (SEM) to find that relatively small 
micropores of about 0.03 um to 0.06 Lum and relatively large 
micropores of about 0.1 um to 1 Lim were present. Evaluation 
of the laminated film was carried out by the following 
method. 

<Evaluation of Laminated Film 

0153 (A) Measurement of Thickness The thickness of the 
laminated film and the thickness of the porous film were 
measured according to JIS standard (K7130-1992). As the 
thickness of the heat resistant porous layer, a value obtained 
by subtracting the thickness of the porous film from the thick 
ness of the laminated film was used. 

(B) Measurement of Air Permeability by Gurley Method 
0154 The air permeability of the laminated film was mea 
Sured by digital timer mode Gurley type Densometer manu 
factured by Yasuda Seiki Seisakusho Ltd., according to JIS 
P8117. 

(C) Porosity 
0.155. A sample of the resultant laminated film was cut into 
a square having a side length of 10 cm, and the weight W (g) 
and the thickness D (cm) thereof were measured. The weights 
(Wi (g)) of the layers in the sample were measured, and the 
volumes of the respective layers were calculated from Wiand 
the true specific gravities (true specific gravity i (g/cm)) of 
the materials of the respective layers, and the porosity (% by 
Volume) was calculated according to the following formula. 

Porosity (% by volume)=100x{1-(W1?true specific 
gravity 1--W2/true specific gravity 2+...+ Win?true 
specific gravity n)/(10x10xD) 

0156. In the above-described examples, a lithium second 
ary battery which is capable of having further enhanced ther 
mal membrane destruction temperature can be obtained if the 
laminated film obtained in Production Example 1 is used as 
the separator. 

INDUSTRIAL APPLICABILITY 

0157 According to the present invention, it is possible to 
obtain a lithium mixed metal oxide which is capable of pro 
viding a nonaqueous electrolyte secondary battery showing 
higher power output at higher current rate, as compared with 
conventional lithium secondary batteries, and to obtain a 
secondary battery using the oxide. This secondary battery is 
extremely useful, particularly, in applications requiring high 
power output at high current rate, that is, in nonaqueous 
electrolyte secondary batteries for automobiles and power 
tools such as electrical tools. 

1. A lithium mixed metal oxide comprising Ni, Mn and Fe 
and having a BET specific surface area of 2 m/g or more and 
30 m/g or less. 

2. The lithium mixed metal oxide according to claim 1, 
wherein the lithium mixed metal oxide is shown by the fol 
lowing formula (A): 

Lic NiMnFe)O. (A) 
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3. The lithium mixed metal oxide according to claim 1, 
wherein the lithium mixed metal oxide is shown by the fol 
lowing formula (A): 

wherein, 0<x<1, 0<y<1, 0<x+y-1, and 0.5szs 1.5. 
4. The lithium mixed metal oxide according to claim 1, 

wherein the ratio of the amount (mol) of Mn with respect to 
the total amount (mol) of Ni, Mn and Fe is 0.1 or more and 0.7 
or less. 

5. The lithium mixed metal oxide according to claim 1, 
wherein the ratio of the amount (mol) of Fe with respect to the 
total amount (mol) of Ni, Mn and Fe is 0.01 or more and 0.5 
or less. 

6. A method of producing a lithium mixed metal oxide, 
comprising bringing an aqueous solution containing Ni, Mn, 
Fe and Clinto contact with an alkali to obtain a coprecipitate, 
and calcining a mixture of the coprecipitate and a lithium 
compound by maintaining the mixture at a temperature of 
lower than 900° C. 

7. The method of producing a lithium mixed metal oxide 
according to claim 6, comprising the following steps (1), (2) 
and (3) in that order: 

(1) a step of bringing an aqueous Solution containing Ni, 
Mn, Fe and Clinto contact with an alkali to obtain a 
coprecipitate slurry, 

(2) a step of obtaining a coprecipitate from the coprecipi 
tate slurry, 

(3) a step of calcining a mixture obtained by mixing the 
coprecipitate and a lithium compound by maintaining 
the mixture at a temperature of lower than 900° C., to 
obtain a lithium mixed metal oxide. 

8. The method of producing a lithium mixed metal oxide 
according to claim 7, wherein said step (2) is the following 
step (2): 

(2) a step of Subjecting the coprecipitate slurry to Solid 
liquid separation, then, to washing and drying, to obtain 
a coprecipitate. 

9. The method of producing a lithium mixed metal oxide 
according to claim 6, wherein the aqueous solution contain 
ing Ni, Mn, Fe and C1 is an aqueous solution obtained by 
dissolving a chloride of Ni, a chloride of Mn and a chloride of 
Fe into water. 

10. The method of producing a lithium mixed metal oxide 
according to claim 9, wherein the chloride of Fe is a chloride 
of divalent Fe. 

11. The method of producing a lithium mixed metal oxide 
according to claim 6, wherein the atmosphere in the calcina 
tion is an air atmosphere. 

12. The method of producing a lithium mixed metal oxide 
according to claim 6, wherein the retention temperature in the 
calcination is in the range of from 650° C. to 850° C. 

13. The method of producing a lithium mixed metal oxide 
according to claim 6, wherein in the aqueous solution con 
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taining Ni, Mn, Fe and C1, the ratio of the amount (mol) of Mn 
with respect to the total amount (mol) of Ni, Mn and Fe is 0.1 
or more and 0.7 or less. 

14. The method of producing a lithium mixed metal oxide 
according to claim 6, wherein in the aqueous solution con 
taining Ni, Mn, Fe and Cl, the ratio of the amount (mol) of Fe 
with respect to the total amount (mol) of Ni, Mn and Fe is 0.01 
or more and 0.5 or less. 

15. A lithium mixed metal oxide obtained by the method of 
producing a lithium mixed metal oxide according to claim 6. 

16. A coprecipitate obtained by bringing an aqueous solu 
tion containing Ni, Mn, Fe and Clinto contact with an alkali, 
wherein a diffraction peak (diffraction peak A) is present in 
the range of diffraction angle 20 of 17 or more and 20° or 
less, in a powder X-ray diffraction pattern obtained by pow 
der X-ray diffractometry using CuKO. as a radiation Source 
and in which the measurement range of diffraction angle 20 is 
10° or more and 45° or less. 

17. The coprecipitate according to claim 16, wherein the 
value of peak intensity ratio (I/I) obtained by dividing I by 
the intensity I of the diffraction peak A is 0 or more and 0.5 
or less, when the maximum intensity in the range of diffrac 
tion angle 20 of 10° or more and 13° or less is represented by 
I in said powder X-ray diffraction pattern. 

18. A lithium mixed metal oxide obtained by calcining a 
mixture of the coprecipitate according to claim 16 and a 
lithium compound by maintaining the mixture at a tempera 
ture of lower than 900° C. 

19. The lithium mixed metal oxide according to claim 18, 
wherein the atmosphere in the calcination is an air atmo 
sphere. 

20. The lithium mixed metal oxide according to claim 18, 
wherein the retention temperature in the calcination is in the 
range of from 650° C. to 850° C. 

21. A positive electrode active material for nonaqueous 
electrolyte secondary battery, comprising the lithium mixed 
metal oxide according to claim 1 as a main ingredient. 

22. A positive electrode for nonaqueous electrolyte sec 
ondary battery having the positive electrode active material 
for nonaqueous electrolyte secondary battery according to 
claim 21. 

23. A nonaqueous electrolyte secondary battery having the 
positive electrode for nonaqueous electrolyte secondary bat 
tery according to claim 22. 

24. The nonaqueous electrolyte secondary battery accord 
ing to claim 23, further having a separator. 

25. The nonaqueous electrolyte secondary battery accord 
ing to claim 24, wherein the separator is a separator composed 
of a laminated film obtained by laminating a heat resistant 
porous layer and a porous film. 

c c c c c 


